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A Variable Prism Device for Visual Testing and Training 
Introduction 
Variable prisms in the form of the Risley rotary 
prism have been in use since before the turn of the cen-
tury. ~rhe rotary prism as it is constructed today was 
first reported by S.D. Risley, M.D. around 1840. The 
advantages of a variable prism over fixed prisms are 
that it simulates an infinite number of fixed power 
prisms incorporated in one small device and that it 
provides for a smooth variation in prismatic power in 
testing procedures. These attributes make the Risley 
rotary prism an effective tool in the testing of phorias 
and ductions (see Clinical Refraction by Irvin NI. Borish 
for details on testing.) The Risley prism consists of 
two prisms, usually fifteen prism diopters each, juxta-
posed to one another in a holder. The prisms can be 
made to r0tate in opposite directions from one another 
by turning a geared knob creating a maximum prismatic 
power when the two prism bases are lined up and a min-
imum power when the bases are 180 degrees from each 
other. This system is well suited for phoropter testing 
and trial frame testing, but is less suited for other 
uses such as a vision screening by non-professional 
personnel or by the patient in home vision training. 
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Other disadvantages of the Risley prism for these pur-
poses are its relative expense and delicate construction. 
This paper concerns the design, calibration, and com-
parison testing of a variable prism device which can be 
used as an alternative to the Risley prism, and which 
may be used in situations in which fixed power prisms 
are now used. The purpose of this paper is not to im-
prove on the optics of the Risley prism or to supplant 
its use in visual testing but to allow wider use of 
variable prisms through reduced cost and simplicity 
of operation. The Risley prism will be used as a 
source of comparison for the device under development. 
Design 
'rhe concept for this device was inspired by the 
lack of inexpensive prisms to be used in prism flippers 
for visual training. It was thought that two lenses of 
equal but opposite power could be superimposed, thereby 
cancelling the powers. If the lenses were then decen-
tered with respect to the lens holder, one to the right 
and the other to the left, prismatic power would be in-
duced. To further explain, if a minus lens is moved 
in the temporal direction with respect to an eye, base~ 
in prism is induced. If a plus lens is moved in the 
nasal direction, base-in prism is also induced. 
Therefore, if a plus and a minus lens of equal power 
J 
are placed before an eye and the minus lens is moved 
temporally while the plus lens is moved nasally, base-in 
prism is induced while the dioptric power remains zero. 
The idea of using this concept to create a fixed prism 
power in a flipper was immediately abandoned, but it 
was thought that the concept could be used to create a 
variable prism device. 
A schematic representation of the first prototype 
is seen in diagram #1. In this position the optical 
centers of the lenses are on the visual axis. In dia-
gram #2, the distal slide has been moved to the right 
while the proximal slide has been moved to the left. 
This produces base-in prism before each eye. As seen 
in the diagram, both plus lenses are moved nasally 
while both minus lenses are moved temporally. When 
the slides are moved in the opposite directions, base-out 
prism power is induced. This is seen in diagram#). 
In this instance both minus lenses are moved nasally 
while both plus lenses are moved temporally. 
The prototype was constructed of two narrow wood 
strips with two rectangular holes cut in each to hold 
the lenses. Plus 5.00 diopter lenses were used so 
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that each millimeter of slide movement would correspond 
to one prism diopter when the right and left sides are 
summed. A wooden bracket was glued to the front slide 
to hold the rear slide, and allow it to slide against 
the fr:ont one (see diagram #4). 
This first prototype did not allow for positional 
effectivity effects of the lens powers. It was found 
with the lensometer that the side of the device with 
the plus lens in front had a back vertex power of 
+0 • .3 7 D. 'rhe other side, with the minus lens in front, 
had a back vertex power of -0.12 D. It was also found 
that an overall magnification effect of approximately 
8.5% of one side compared to the other was present. 
~rhe larger image was found on the side of the device 
with the plus lens in front. This was determined by 
measuring the image projected on the Nikon vertometer 
by one side of the device and comparing it to the image 
projected by the other side (see Table #1). 
In the first prototype, for simplicity, stock lens 
blanks were used. The +5.00 D lenses had a +8.00 D base 
curve while the -5.00 D lenses had a base curve of +,3.00 D. 
It was thought that the magnification shape effect of 
the base curves may have been the primary cause of the 
size difference. Another prototype was designed to try 
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to reduce, or eliminate, this factor. 
The second, and finalt prototype was made with 
lenses having plano base curves in order to eliminate 
the shape effect on magnification. 'rhe power of the 
lenses was determined by trial and error to reduce the 
dioptric power of each side to near plano. 
Analysis of the second prototype with the Nikon 
vertometer appears in Table #2. The dioptric power of 
the device was reduced to near plano, and the magnifi-
cation effect of J% was considered to be acceptable. 
A further modification was the addition o.f lens 
holders on the front of the device to hold vertical prisms 
for dissociation purposes. This would make it possible 
to do phoria testing. A _sAbase-up and a 5Abase-down 
prism were edged to fit these holders. A millimeter 
rule was glued to the edge of one slide and an arrow 
placed on the other slide to give a reading of the 
amount of prism induced. ~rhe calibration thus estab-
lished was tested with a lVlarco lensometer having a 
rotary prism. The calibration was found to match pre-
cisely with the rotary prism. Total prismatic power 
of the slide device is JJAbase-in to J.fbase-out. 'rhe 
dimensions of the device can be seen in diagram l/5. 
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Distal lens +5.00 D Distal lens -5.00 D 
Proximal lens -5.00 D Proximal lens +5.00 
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Method 
Thirty subjects were chosen at random from the 
Pacific University student and clinical staff popula-
tion. All subjects chosen had normal binocular vision. 
Testing equipment consisted of the slide apparatus 
and a B&L Greens phoropter Risley prism. A vertical row 
of standard Snellen 20/20 letters projected onto a 
screen was used for the far target. At near, a standard 
nearpoint card of vertical 20/20 letters was attached 
to the head of a camera tripod. The tripod was placed 
so that the card was 40 em from the patient. The 
height was varied as needed to place the card at the 
patients eye level. 
Comparison tests between the slide apparatus and 
Risley prism were done on near and far phorias, near 
and far base-out to break and recovery, and near and far 
base-in to break and recovery. Patients were instruc-
ted to give a 'Now' response in phoric testing when 
the two targets were vertically aligned. In duction 
testing, a response of. 'Two• was given when the single 
row of letters doubled, and 'One' when the two rows 
of letters became single. Earlier trial runs found 
it most efficient to have the experim~nter ;manipulate 
the slide apparatus. This reduced error in method due 
simply to the subject's unfamiliarity with the slide 
device. 
12 
Each test finding used in the statistical com-
parison was derived from the average of three trials. 
Because both the Risley prism and the slide apparatus 
used in the comparison testing were marked in whole prism 
diopters, all findings were rounded to the nearest whole 
prism diopter before being entered in the statistical 
analysis. Because single prism diopters are as accurate 
as is possible with the aforementioned apparatus, the 
authors feel that the level of clinical significance at-
tached to the values should not go below that level. 
In other words, if two values being compared differ by 
one prism diopter or less, they can be assumed to be 
equal, in terms of clinical significance. That con-
clusion may or may not be the same as arrived at in terms 
of statistical significance for the same values. 
Data Discussion 
Statistical analysis was performed on the data 
gathered to calculate a correlation coefficient and a 
T-test of significance of means. Figures arrived at 
ar'e reprodu,ced in T<3,bles J and 4. Standard tables of 
values were used in interpreting levels of probability 
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for the correlation coefficient and T-test. The authors 
selected p=. 05 for the •r-test significance. For the 
correlation coefficient, a fairly high level was selected, 
where p=.02. A brief discussion of the analysis of the 
results follows each test category listed below. 
Far Phoria N=JO 
A statistically significant difference between the means 
was found here. The slide apparatus had a mean test 
value approximately 1Amore in the base-out direction. 
However. this is not a clinically significant difference, 
as in the authors' definition. Clinically, the two 
methods gave the same value. The values are very highly 
correlated. 
Near Phoria N=JO 
A difference in the means was found here, but it did 
not pass our chosen level of significance. The dif-
ference tended to be more random, without a consistent 
tendency in one direction or another. The two tests 
were still highly correlated, easily passing at our 
chosen level. 
Far Base-In Break N=JO 
Here the mean difference was significant, but small 
(mean difference -fJ. Base-in break with the slide 
A 
apparatus tended to be 1 less than with the Risley 
prism. irhe tests were very highly correlated again. 
Far Base-In Recovery N=JO 
No significant difference in the means was found, and 
the tests were highly correlated. 
Far Base-Out Break N=15 
A significant difference between the means was found 
here. Subjects tended to have a base-out break ap-
proximately 44 less with the slide apparatus than with 
the Risley prism. The correlation between the two 
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tests was again very high. Because some of the subjects 
participating in the study had a base-out range greater 
than that available with the apparatus, a base-out to 
break finding was not possible. 
lar Base-Out Recovery N=2J 
The mean values were highly correlated, but there was 
a significant difference between them. The mean base-
A out recovery finding was approximately 2 less with 
the slide apparatus than with the Risley prism. 
Near Base-In Break N=JO 
A significant difference of approximately J.5Awas found 
between the means, with the slide apparatus giving the 
lesser value. The correlation coefficient did not 
pass at the chosen level of p=.02, but did pass at 
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the p=.05 level. So, while the tests are not as highly 
correlated as some of the other values, it still 
passes at what most would consider a fairly respect-
able level. It would perhaps not be as consistent to 
predict Risley prism findings based on slide findings. 
Near Base-In Recover~ N=JO 
The difference between the means was significant. 
Subjects tended to recover earlier (approximately 24 
more base-in) with the Risley prism than with the 
slide apparatus. The values were highly correlated. 
Near Base-Out Break N=16 
No significant difference between the means was found, 
and the test values were highly correlated. Again, not 
all of the subjects manifested a base-out break to the 
limits of the testing apparatus, and their responses 
were not included as data. 
Near Base-Out Recovery N=20 
Again, even though the test values were highly correlated, 
there was a significant difference between their means. 
Base-out recovery with the slide apparatus was approx-
imately 44 greater than with the Risley prism. 
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Table ..1 
Risley Slide 
- 2.) xo F Phoria X 1.27 xo 
SD ).4 J.tl 
-N Phoria X .6 xo 2.) xo 
SD 7.1 J.9 
- 2 '). 8 22 FBOB X 
SD 9 B 
- 19 21 FBOR X 
SD 8.b 8 
-FBIB X 7.8 6.7 
SD 2.7 J.5 
- s.s 5.4 FBIR X 
SD 1.9 J 
NBOB - 25.5 24.8 X 
SD 7.8 -6 
-NBOR X 18 22 
SD 8 7.9 
- 17.4 1).8 NBIB X 
SD 5.4 6 
- 11.4 NBIR X 9.5 
SD 4.5 4.2 
*all of above values in prism diopters 
F Phoria- Far Phoria N Phoria - Near Phoria 
FBOB - Far base out break NBOB - Near base out break 
FBOR - Far base out recovery NBOR - Near base out recovery 
FBIB - Far base in break NBIB - Near base in break 
FBIR - Far base in recovery NBIH - Near base in recovery 
-X - mean test value SD - standard deviation 
--
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Table 4 
XD SD r t 
F Phoria 1 1.9 .86 2.948 
N Phoria 1.7 5.7 .59 1.664 
FBOB J.J 5·7 .78 2.214 
FBOR 
-2 4.6 .84 
-2.156 
F.BIB 1 2.4 .72 2.414 
FBIR 6.7 2.4 .64 .154 
NBOB 
.7 5.4 . 73 .572 
NBOR 
-3.9 6 .70 -2.826 
NBIB ).6 6.9 .28 2.8J6 
NBIR 1.9 4.7 .41 2.2J4 
xb mean of difference in prism diopters 
SD - standard deviation of difference in prism diopters 
r - correlation coefficient 
t - T-test value 
F Phoria - Far phoria 
FBOB - Far base out break 
,,•c"> 
N Phoria - Near phoria 
NBOB - Near base out break 
' 
FBOR - Far base out recovery NBOR - Near base out recovery 
FBIB - Far base in break NBIB - Near base in break 
FBIR Far base in recovery -NBIR - Near base in recovery 
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Conclusion 
Based on the preceding data 1 we feel that this de-
vice could be useful in situations where the phoropter 
Risley prism is impractical, such as in out-of-office 
screenings. 'rhe device could be used with more assurance 
if norms were to be derived from a random sample. 
Norms cannot be derived from our data because subjects 
do not represent a random sample of the population, and 
were not chosen for that purpose. 
The greatest potential for the device is in visual 
training. It could be used to increase the base-in 
and base-out ranges of binocular patients by means of 
smooth and jump duction exercises while the_ patient is 
looking at real space. This could be used in place 
of mirror stereoscopes or a vectograph for home training 
in many instances. 
In the office, the device could be used as a 
"poor mans" troposcope, especially if used in conjunc-
tion with polaroid glasses and targets. It is hoped 
that a number of these devices can be made available 
to the Visual Training Clinic at Pacific University in 
the future, so that a number of these applications can 
be-further tested. 
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